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GAS MIGRATION CHARACTERISTICS OF COALBEDS 
by 
J. D. Hadden and Albert Sainato2 
ABSTRACT 
The Bureau of Mines conducted d r i l l i n g  s t u d i e s  i n  t h e  Pocahontas No. 3, 
t h e  P i t t s b u r g h ,  and a  wes te rn  coalbed t o  e s t a b l i s h  t h e  gas  m i g r a t i o n  c h a r a c -  
t e r i s t i c s  f o r  each .  Gas p r e s s u r e s  i n  t h e  P i t t s b u r g h  coalbed were about  
260 l b / i n 2  and i n  excess  of 550 l b / i n 2  i n  t h e  Pocahontas No. 3 .  Caving i n  
d r i l l  h o l e s  prevented p r e s s u r e  measurements i n  t h e  wes te rn  coa lbed .  The 
P i t t s b u r g h  coalbed con ta ined  i n t e r s e c t i n g  " c l a y  ve ins"  which formed gas p r e s -  
s u r e  c e l l s .  Although t h e s e  g e o l o g i c a l  f e a t u r e s  hamper mining,  they can be 
used t o  c o n t r o l  t h e  f low of methane i n t o  a  mine working. Methane c o n t r o l  
t e c h n i q u e s  a r e  proposed f o r  t h e  P i t t s b u r g h  and Pocahontas No. 3 coa lbeds .  
INTRODUCTION 
A comprehensive methane c o n t r o l  r e s e a r c h  program i s  be ing  conducted by 
t h e  Bureau of Mines t o  e s t a b l i s h  t h e  g e o l o g i c a l  s t r u c t u r a l  c o n t r o l s  t h a t  
govern t h e  m i g r a t i o n  and r e t e n t i o n  of methane i n  c o a l b e d s ;  de te rmine  t h e  phys- 
i c a l  p r o p e r t i e s  of methane and of t h e  c o a l  and o t h e r  s t r a t a  w i t h  which methane 
i s  a s s o c i a t e d ;  d e v i s e  methods by which methane may be removed from, o r  con- 
t r o l l e d  i n ,  coa lbeds  p r i o r  t o  and d u r i n g  c o a l  e x t r a c t i o n ;  develop mechanical  
equipment and i n s t r u m e n t a t i o n  needed t o  c o n t r o l  methane; and conduct f i e l d  
t r i a l s  of t h e  methane c o n t r o l  t echn iques  developed.  This  i s  one of a  s e r i e s  
of r e p o r t s  on s p e c i f i c  a s p e c t s  of t h e  program. 
The f low of gas  through coa lbeds  conforms w i t h  e s t a b l i s h e d  laws.3 This  
paper i s  concerned w i t h  compressed gas  t h a t  e x i s t s  i n  t h e  f r a c t u r e  system of 
coa lbeds  and t h e  movement of t h i s  gas ,  which i s  governed by Darcy ' s  law: 
l ~ i n i n g  eng ineer ,  P i t t s b u r g h  Mining Research Center ,  Bureau of  Mines, 
P i t t s b u r g h ,  Pa. 
2 ~ i n i n g  e n g i n e e r i n g  t e c h n i c i a n ,  P i t t s b u r g h  Mining Research Cente r ,  Bureau of 
Mines, P i t t s b u r g h ,  Pa. 
3 ~ e r v i k ,  Joseph.  An I n v e s t i g a t i o n  of t h e  Behavior and C o n t r o l  of Methane Gas. 
Min. Cong. J . ,  v .  53, No. 7, J u l y  1967, pp. 52-57. 
where 
q = volume r a t e  of flow (cm3/sec);  
k = f r a c t u r e  pe rmeab i l i t y  ( da r cy ) ;  
A = c r o s s  s e c t i o n  a r e a  (cm); 
p = gas  v i s c o s i t y  ( c p ) ;  
P  = gas p r e s s u r e  (a tm) ;  
1 = u n i t  of l eng th  (cm). 
Th is  law means t h a t  a  gas  p r e s s u r e  must e x i s t  i n  t h e  coalbed and t h a t  t h e  
amount of gas  e n t e r i n g  a  mine opening i s  r e l a t e d  d i r e c t l y  t o  t h e  p r e s su re  g r a -  
d i e n t  ( d ~ / d l )  t h a t  e x i s t s  around t h e  opening. 
Coalbeds may c o n t a i n  o b s t r u c t i o n s  t o  gas  flow such a s  f a u l t s ,  c l a y  ve in s ,  
and want a r e a s .  P r e s su re  g r a d i e n t s  and, t h e r e f o r e ,  gas  flows i n t o  mine work- 
ings  a r e  a f f e c t e d  by t h e s e  g e o l o g i c a l  s t r u c t u r e s .  
DRILLING STUDIES I N  THE POCAHONTAS NO. 3  COALBED 
The o b j e c t i v e s  of t h e  s t u d i e s  conducted i n  t h e  Pocahontas No. 3  coalbed 
were t o  determine p r e s s u r e  g r a d i e n t s  i n  t h e  coalbed and t h e  magnitude of t h e  
p r e s s u r e  g r a d i e n t  near  a n  a c t i v e  f a c e  and one near  an i n a c t i v e  face ,  and t o  
e s t a b l i s h  t h e  e x i s t e n c e  of gas  p r e s su re s  i n  c o a l  p i l l a r s .  
To determine p r e s s u r e  g r a d i e n t s ,  t h r e e  h o r i z o n t a l  ho l e s  were d r i l l e d  i n t o  
v i r g i n  c o a l  near  an  a c t i v e  f a c e  t o  dep ths  of 30, 60, and 150 f e e t .  The ho l e s  
were then  s ea l ed  and t h e  gas  p r e s su re s  measured a s  f o l l ows :  The maximum p re s -  
s u r e  i n  t h e  30-foot  h o l e  was 205 l b / i n 2 ;  i n  t h e  60-foot  h o l e  420 l b / i n 2 ;  and 
i n  t h e  150-foot  ho l e  500 l b / i n 2 .  F igure  1 shows t h e  cu rve  of t h e  measured 
p r e s s u r e  ve r su s  t h e  depth d r i l l e d .  Th is  curve  i s  t y p i c a l  f o r  a  coalbed con- 
t a i n i n g  no o b s t r u c t i o n ,  and w i l l  be r e f e r r e d  t o  a s  a  normal g r a d i e n t  curve .  
An a r e a  t h a t  had been developed f o r  6  months was s e l e c t e d  t o  compare t h e  
p r e s s u r e  g r a d i e n t  a t  an  o l d e r  s e c t i o n  of t h e  mine w i t h  t h e  p r e s s u r e  g r a d i e n t  
t h a t  e x i s t s  near  a n  a c t i v e  f a c e .  A h o l e  was d r i l l e d  i n t o  t h e  c o a l  i n  t h i s  
a r e a  and p r e s su re  measurements were made a t  f i v e  d i f f e r e n t  dep th s .  This h o l e  
was d r i l l e d  250 f e e t  deep and t h e  gas p r e s s u r e  measured a t  t h i s  d i s t a n c e  was 
105 l b / i n 2 .  F igure  2  shows t h e  g r a d i e n t  f o r  t h e s e  f i v e  measurements. 
From t h e  da t a  on t h e s e  ho l e s ,  t h e  p r e s su re  g r a d i e n t  nea r  t h e  a c t i v e  f a c e  
a r e a  i s  420 l b / i n2  pe r  60 f e e t ,  o r  7 l b / i n 2 / f t .  The g r a d i e n t  from t h e  deve l -  
oped a r e a  i s  105 l b / i n 2  per  250 f e e t ,  o r  0.42 l b / i n 2 / f t ,  which i s  subs tan-  
t i a l l y  lower than t h e  g r a d i e n t  near  t h e  a c t i v e  f a c e .  According t o  Darcy 's  
law, gas  flows w i l l  be g r e a t e r  a t  a c t i v e  f a c e  a r e a s  than  i n a c t i v e  a r e a s .  
DEPTH DRI LLED, f t 
FIGURE 1. - Normal Gradient Near an Ac t i ve  Face. 
To e s t a b l i s h  i f  c o a l  p i l l a r s  c o n t a i n e d  methane under p r e s s u r e ,  two 
1 6 5 - f o o t - l o n g ,  h o r i z o n t a l  b l e e d e r  h o l e s  were  d r i l l e d  t o  t h e  c e n t e r s  of two 
l a r g e  (330 by 1,000 f e e t )  c o a l  p i l l a r s .  The gas  i s s u i n g  from t h e  h o l e  i n  t h e  
f i r s t  p i l l a r  c o n t a i n e d  95 p e r c e n t  methane a t  t h e  r a t e  of 20,900 c u b i c  f e e t  p e r  
day .  When t h e  h o l e  was s e a l e d ,  t h e  s h u t - i n  gas  p r e s s u r e  r eached  31 l b / i n 2 .  
S i m i l a r l y ,  gas  i s s u i n g  from t h e  h o l e  i n  t h e  second p a n e l  c o n t a i n e d  95 p e r c e n t  
methane a t  a r a t e  of  17 ,900 c u b i c  f e e t  p e r  day .  A f t e r  t h e  h o l e  was s e a l e d ,  
t h e  s h u t - i n  p r e s s u r e  b u i l t  up t o  105 l b / i n 2 .  An a d d i t i o n a l  t e s t  was made on 
a  no rma l - s i zed  (85 by 85 f e e t )  c o a l  p i l l a r  by d r i l l i n g  t o  t h e  c e n t e r  of  t h e  
p i l l a r .  A f t e r  s e a l i n g  t h e  h o l e ,  no measurab le  g a s  p r e s s u r e  was i n  i t .  
HOLE DEPTH, f t  
FIGURE 2. - Normal Gradient Near an Inact ive Face. 
Measurements have  shown t h a t  roo f  p r e s s u r e s  c r u s h  t h e  p e r i p h e r y  of  l a r g e  
b l o c k s  of c o a l  a s  much a s  40  t o  60 f e e t  deep,  c r e a t i n g  a n  a r e a  of  reduced p e r -  
m e a b i l i t y .  Gas d e s o r b i n g  from s o l i d  c o a l  w i t h i n  t h e  b l o c k  canno t  e scape ,  and 
i t s  p r e s s u r e  b u i l d s  up w i t h i n  t h e  b l o c k .  T h i s  e x p l a i n s  t h e  g a s  p r e s s u r e  meas- 
urements  i n  t h e  two l a r g e  p i l l a r s .  
DRILLING STUDIES I N  THE PITTSBURGH COALBED 
D r i l l i n g  s t u d i e s  were  conducted  i n  t h e  P i t t s b u r g h  coa lbed  i n  s o u t h w e s t e r n  
Pennsy lvan ia  t o  d e t e r m i n e  t h e  i n f l u e n c e  of c l a y  v e i n s  on t h e  b e h a v i o r  of t h e  
g a s .  T h i s  was demons t ra t ed  by t h e  p r e s s u r e  measurements t a k e n  from one of  t h e  
h o r i z o n t a l  d r i l l  h o l e s  made i n  t h e  P i t t s b u r g h  bed .  Mining i n  t h e  v i c i n i t y  of 
t h e  h o l e  s topped  5 days  p r i o r  t o  d r i l l i n g .  The h o l e  was s t a r t e d  and advanced 
18 .5  f e e t  b e f o r e  e n c o u n t e r i n g  a  c l a y  v e i n .  B e f o r e  c o n t i n u i n g  th rough  t h e  c l a y  
v e i n ,  t h e  h o l e  was t e s t e d  f o r  g a s  b u t  none was found .  A f t e r  t h e  3 - f o o t  c l a y  
v e i n  was p e n e t r a t e d ,  t h e  h o l e  was a g a i n  t e s t e d  f o r  g a s  and a  p r e s s u r e  of 
221 l b / i n 2  was measured .  D r i l l i n g  was c o n t i n u e d  u n t i l  a  second c l a y  v e i n  was 
encoun te red  a t  36 f e e t .  The h o l e  was a g a i n  s e a l e d  t o  measure  t h e  p r e s s u r e  a t  
t h i s  d e p t h ,  and t h e  p r e s s u r e  of 221 l b / i n 2  remained.  The second 3 - f o o t  c l a y  
v e i n  was p e n e t r a t e d  and s e a l e d  w i t h  p a c k e r s .  The p r e s s u r e  behind t h e  second 
c l a y  v e i n  was 263 l b / i n 2 - - a n  i n c r e a s e  of  42 l b / i n 2  over  t h e  p r e s s u r e  measured 
i n  f r o n t  of  t h e  second c l a y  v e i n .  The p r e s s u r e  r e a d i n g s  a l s o  i n d i c a t e  t h a t  
t h e  c l a y  v e i n s  i s o l a t e  s e c t i o n s  of t h e  c o a l b e d .  F i g u r e  3  i s  a  p l o t  of t h e s e  
measurements and t h i s  t y p e  of c u r v e  w i l l  b e  r e f e r r e d  t o  a s  a n  abnormal 
g r a d i e n t  . 
Four months l a t e r ,  t h e  a r e a  was examined t o  l o c a t e  and map t h e  c l a y  v e i n s  
exposed by mining i n  t h e  v i c i n i t y  of  t h i s  d r i l l  h o l e .  The l o c a t i o n  and t h i c k -  
n e s s  o f  t h e  c l a y  v e i n s ,  t h e  p o s i t i o n s  of t h e  f a c e s  a t  t h e  t ime o f  d r i l l i n g ,  
and t h e  l o c a t i o n  of t h e  d r i l l  h o l e  (No. 3) a r e  shown i n  f i g u r e  4 .  T h i s  f i g u r e  
shows t h a t  c l a y  v e i n s  i n t e r s e c t  t o  form c l o s e d  c e l l s .  The p r e s s u r e  r e a d i n g s  
f o r  t h e s e  c e l l s  i n d i c a t e  t h a t  each  c e l l  h a s  c h a r a c t e r i s t i c s  independen t  of  
c e l l s  s u r r o u n d i n g  i t .  
The t e rm " c l a y  v e i n "  i s  a  misnomer. These s o - c a l l e d  " c l a y  v e i n s "  a r e  
l i t h i f i e d  c l a y  f r a c t u r e  f i l l i n g s  and ,  t h e r e f o r e ,  s p a r k s  c a n  b e  produced by t h e  
a c t i o n  of  b i t s  d u r i n g  min ing .  Complete p e n e t r a t i o n  of  a  c l a y  v e i n  i s  accom- 
pan ied  by a  l a r g e  f l o w  of methane and p r e s e n t s  a  h i g h  p o t e n t i a l  f o r  a n  
i g n i t i o n .  
 SCALE,^^^ ] nl rl 
Entry 00 0 I 2 3 4 -m --1-1 m5- 6 
FIGURE 4. - Dril l Site Location in the Pittsburgh Coalbed. 
DRILLING STUDIES I N  A WESTERN COALBED 
S t u d i e s  were  conducted  i n  a  w e s t e r n  coa lbed  t o  measure  r e s e r v o i r  p r e s s u r e  
and p r e s s u r e  g r a d i e n t s .  The s t u d i e s  were hampered because  of h o l e  c a v i n g  
which was caused by s e v e r e  overburden p r e s s u r e s .  
The f i r s t  a t t e m p t s  a t  d r i l l i n g  i n  t h e  coa lbed  were made u s i n g  f l u s h -  
j o i n t e d  d r i l l  c a s i n g .  Var ious  2 - i n c h  b i t s  were  t r i e d  w i t h  EX c a s i n g  
(1-13/16- inch o u t s i d e  d i a m e t e r )  and s p e c i a l  E  c a s i n g  (1 -3 /8 - inch  o u t s i d e  
d i a m e t e r ) .  None of t h e  combina t ions  was s u c c e s s f u l  i n  d r i l l i n g  deep h o l e s  
c o n s i s t e n t l y .  Holes  would cave  and s e i z e  t h e  d r i l l  c a s i n g .  F l u s h i n g  w i t h  
w a t e r  would n o t  remove t h e  caved m a t e r i a l .  
Using hol low e x t e n s i b l e  auger  s t e e l  (1 -3 /4 - inch-d iamete r ) ,  a  h o l e  was 
d r i l l e d  165 f e e t  deep i n  v i r g i n  c o a l  b e f o r e  s t r i k i n g  bot tom r o c k .  The c i r c u -  
l a t i o n  of f l u s h i n g  w a t e r ,  combined w i t h  a c t i o n  of t h e  a u g e r  f l i g h t s ,  removed 
caved d e b r i s  from t h e  h o l e .  
Gas emiss ion  from t h i s  h o l e  was 27,000 c u b i c  f e e t  p e r  day b u t  a f t e r  4  
days  was reduced t o  5 ,000 c u b i c  f e e t ,  i n d i c a t i n g  t h a t  t h e  c o a l  around t h e  h o l e  
h a s  a  low p e r m e a b i l i t y .  More work must be  done t o  d e t e r m i n e  why t h e  c o a l  h a s  
a  low p e r m e a b i l i t y  and how t o  d e g a s i f y  t h e  c o a l b e d .  
P r e s s u r e  measurements cou ld  n o t  be  made i n  t h e  o v e r s i z e  h o l e  u s i n g  i n f l a t -  
a b l e  p a c k e r s .  B e f o r e  more d r i l l i n g  i s  done i n  t h i s  coa lbed ,  a  method w i l l  be  
developed f o r  s e a l i n g  o v e r s i z e d  h o l e s .  
PROPOSED METHANE CONTROL TECHNIQUES 
Coalbeds  With Normal P r e s s u r e  G r a d i e n t s  
A method o f  d e g a s i f i c a t i o n  conducted  a t  C h r i s t o p h e r  Coal  Company's 
Humphrey No. 7  Mine i n  1959 and 19604 r e q u i r e d  d r i l l i n g  long h o r i z o n t a l  h o l e s  
i n t o  r i b s  from t h e  o u t s i d e  e n t r i e s  ( f i g .  5 ) .  The h o l e s  were d r i l l e d  i n  
advance  of t h e  f a c e  a t  a n  a n g l e  o f  15"  from t h e  c e n t e r l i n e  of t h e  o u t s i d e  
e n t r y .  The d e p t h  of t h e  h o l e  was determined by t h e  r a t e  of development and 
t ime  r e q u i r e d  t o  d e g a s i f y  t h e  a r e a  i n  advance  of t h e  f a c e .  As an  example, i f  
a  s e c t i o n  advanced 100 f e e t  p e r  week and c o n t r o l  h o l e s  d e g a s i f i e d  t h e  v i r g i n  
a r e a  i n  a  few days ,  t h e n  h o l e s  d r i l l e d  100 f e e t  i n  advance  of t h e  s e c t i o n  
would be  s u f f i c i e n t .  On t h e  o t h e r  hand, i f  t h e  s e c t i o n  advanced more r a p i d l y  
and more t i m e  was needed t o  d e g a s i f y  t h e  v i r g i n  a r e a ,  deeper  h o l e s  would be  
d r i l l e d .  Th i s  method r e q u i r e d  development by d r i v i n g  t h e  o u t s i d e  e n t r i e s  
f i r s t ,  d r i l l i n g  t h e  c o n t r o l  h o l e s  from t h e s e  e n t r i e s ,  and a l l o w i n g  t h e  h o l e s  
t o  d e g a s i f y  t h e  v i r g i n  a r e a  w h i l e  t h e  i n s i d e  e n t r i e s  were  advanced.  S p l i t  
v e n t i l a t i o n  was r e q u i r e d  t o  p e r m i t  t h e  g a s  e m i t t e d  from t h e  c o n t r o l  h o l e s  t o  
d r a i n  d i r e c t l y  i n t o  t h e  o u t s i d e  e n t r i e s  t h a t  were  t h e  r e t u r n  a i rways  f o r  t h e  
s e c t i o n .  
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FIGURE 5. - Proposed Methane Control by Horizontal  D r i l l i ng  Into Outside R i  bs. 
Another c o n t r o l  t e c h n i q u e  was t o  i n f u s e  t h e  coa lbed  w i t h  w a t e r  t o  form a  
b a r r i e r  which i s o l a t e d  t h e  a r e a  t o  be mined from t h e  gas  r e s e r v o i r .  To form 
t h e  b a r r i e r ,  h o r i z o n t a l  h o l e s  were d r i l l e d  a c r o s s  t h e  f a c e  of a n  advanc ing  
c o a l  s e c t i o n  and t h e  c o a l  was i n f u s e d  through t h e s e  h o l e s .  The h o l e s  were  
spaced t o  permit  t h e  a r e a  i n f u s e d  by one h o l e  t o  o v e r l a p  t h e  i n f u s e d  a r e a s  of  
t h e  h o l e s  on e i t h e r  s i d e .  I n  t h i s  manner, a  w a t e r  b a r r i e r  was formed i n  t h e  
c o a l  ahead of t h e  working f a c e .  C o n t r o l  h o l e s  were ang led  from t h e  o u t s i d e  
r i b s  i n t o  t h e  c o a l  on each s i d e  of t h e  b a r r i e r .  These h o l e s  were t h e  e s c a p e  
r o u t e s  f o r  t h e  g a s  d i s p l a c e d  from t h e  a r e a  d u r i n g  w a t e r  i n f u s i o n .  The i d e a l -  
i z e d  method i s  shown i n  f i g u r e  6 .  
Coalbeds With Abnormal P r e s s u r e  G r a d i e n t s  
Clay v e i n s  forming c l o s e d  c e l l s  p rov ide  a n  i d e a l  c o n d i t i o n  f o r  con- 
t r o l l i n g  t h e  f low of gas  d u r i n g  mining.  The c l a y  v e i n s  form n a t u r a l  b a r r i e r s  
FIGURE 6. - Proposed Methane Control by Water Infusion. 
t h a t  s t o p  t h e  f l ow  of  g a s  i n t o  t h e  f a c e  a r e a s  f rom t h e  main g a s  r e s e r v o i r  o f  
t h e  c o a l b e d .  F i g u r e  7 shows a p roposed  method of  methane  c o n t r o l  where  c l a y  
v e i n s  a r e  p r e s e n t .  T h i s  method r e q u i r e s  a  s p l i t  v e n t i l a t i o n  s y s t e m  t h a t  u s e s  
t h e  o u t s i d e  e n t r i e s  f o r  t h e  r e t u r n  a i r w a y s .  T h i s  p e r m i t s  t h e  g a s  f rom t h e  
b l e e d e r  o r  c o n t r o l  h o l e s  t o  e n t e r  d i r e c t l y  i n t o  t h e  r e t u r n  a i r w a y s  w i t h o u t  
p a s s i n g  o v e r  o t h e r  work ing  p l a c e s  a t  t h e  f a c e .  
The s e q u e n c e  of  m i n i n g  would b e  a s  f o l l o w s :  
1. Advance o u t s i d e  e n t r i e s .  
2 .  R e t r e a t  and d e v e l o p  t h e  i n s i d e  e n t r i e s .  
3. Fan  o u t  d e g a s i f i c a t i o n  h o l e s  f rom t h e  o u t s i d e  e n t r i e s  w h i l e  m i n i n g  
t h e  i n s i d e  e n t r i e s .  
Holes  a t  t h e  o u t s i d e  e n t r i e s  may b e  d r i l l e d  i n  a  45" p a t t e r n  and  d e e p  
enough t o  p e n e t r a t e  c l a y  v e i n s .  These  h o l e s  w i l l  h a v e  t i m e  t o  b l e e d  down 
w h i l e  m i n i n g  t h e  i n s i d e  e n t r i e s .  A 45" p a t t e r n  was c h o s e n  t o  p e r m i t  a  maximum 
c o v e r a g e  w i t h  a  minimum number of  h o l e s .  
FIGURE 7. - Proposed Locat ion of Degasif icat ion Holes for a Mul t ip le  Entry System. 
CONCLUSIONS 
The f low of gas  i n  U.S. c o a l b e d s  i s  governed predominant ly  by Darcy ' s  law. 
T h e r e f o r e ,  c o n t r o l  measures and d e g a s i f i c a t i o n  t e c h n i q u e s  a r e  aimed p r i m a r i l y  
a t  r e d u c i n g  p r e s s u r e ,  r e d u c i n g  p e r m e a b i l i t y ,  o r  f i l l i n g  of t h e  f r a c t u r e  pore  
volume w i t h  a  more v i s c o u s  l i q u i d .  
Where t h e  mining of deeper  c o a l b e d s  r e q u i r e s  s m a l l e r  mine openings ,  t h i s  
w i l l  p l a c e  p r a c t i c a l  l i m i t a t i o n s  on t h e  q u a n t i t y  of a i r  s u p p l i e d  t o  a c t i v e  
a r e a s  of t h e  mine.  S i n c e  deeper  coa lbeds  tend t o  be more gassy ,  t h e  use  of  
v e n t i l a t i o n  a s  a  means of c o n t r o l l i n g  methane c o n c e n t r a t i o n s  a t  a c t i v e  f a c e  
a r e a s  and i n  t h e  r e t u r n s  i s  s e v e r e l y  l i m i t e d .  Consequent ly ,  methane c o n t r o l  
t e c h n i q u e s  a s  d e s c r i b e d  may become mandatory.  
